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$EVWUDFW
$FRUHWHFKQRORJ\RIQDWXUDOODQJXDJHSURFHVVLQJ1/3LQFRUSRUDWHGLQWRPDQ\WH[WSURFHVVLQJDSSOLFDWLRQVLVDSDUWRIVSHHFK
326WDJJHUDVRIWZDUHFRPSRQHQWWKDWODEHOVZRUGVLQWH[WZLWKV\QWDFWLFWDJVVXFKDVQRXQYHUEDGMHFWLYHHWF7KHVHWDJV
PD\WKHQEHXVHGZLWKLQPRUHFRPSOH[WDVNVVXFKDVSDUVLQJTXHVWLRQDQVZHULQJDQGPDFKLQHWUDQVODWLRQ07,QWKLVSDSHU
ZHGHVFULEHWKHSKDVHVRIRXUZRUNWUDLQLQJDQGHYDOXDWLQJVWDWLVWLFDO326WDJJHUVRQ$UDELFWH[WVDQGWKHLU(QJOLVKWUDQVODWLRQV
XVLQJ.HSOHUZRUNIORZV:KLOHWKHRULJLQDOREMHFWLYHVIRUHQFDSVXODWLQJRXUUHVHDUFKFRGHZLWKLQ.HSOHUZRUNIORZVZHUHGULYHQ
E\VRIWZDUHHQJLQHHULQJQHHGVWRGRFXPHQWDQGYHULI\WKHUHXVDELOLW\RIRXUVRIWZDUHRXUUHVHDUFKEHQHILWWHGDVZHOOWKHHDVHRI
UDSLGUHWUDLQLQJDQGWHVWLQJHQDEOHGRXUUHVHDUFKHUVWRGHWHFWUHSRUWLQJGLVFUHSDQFLHVGRFXPHQWWKHLUVRXUFHLQGHSHQGHQWO\
YDOLGDWLQJWKHFRUUHFWUHVXOWV

.H\ZRUGVQDWXUDOODQJXDJHSURFHVVLQJSDUWRIVSHHFKWDJJLQJFRPSXWDWLRQDOOLQJXLVWLFVSDUDOOHOFRUSRUDPDFKLQHWUDQVODWLRQ$UDELF1/3
3HQQWUHHEDQN
,QWURGXFWLRQ
0DQ\QDWXUDOODQJXDJHSURFHVVLQJ1/3DSSOLFDWLRQVUHO\RQVWDWLVWLFDOO\WUDLQHGFRUHWHFKQRORJLHVWKDWSHUIRUP
YHU\ZHOORQHGLWHG IOXHQW JUDPPDWLFDO WH[WV VXFKDV QHZVZLUHSULPDULO\ZULWWHQZLWKGHFODUDWLYH VHQWHQFHVDQG
IHZVSHOOLQJHUURUV7KHVHV\VWHPVKRZHYHUDUHVHQVLWLYH WRFKDQJHVRI WH[WGRPDLQDQGFRQWH[WEDVHGFKDQJHV LQ
ZRUG PHDQLQJV DQG ZLOO VKRZ SHUIRUPDQFH GHJUDGDWLRQ WKH IXUWKHU DSDUW WKH WHVW GRPDLQ LV IURP WKH WUDLQLQJ
GRPDLQIRUH[DPSOHDVPHDVXUHGE\WKH-HQVHQ6KDQQRQLQIRUPDWLRQWKHRUHWLFGLVWDQFHPHWULF>@2XUREMHFWLYH
LQ HQFDSVXODWLQJ RXU UHVHDUFK FRGH ZLWKLQ .HSOHU ZRUNIORZV LV GULYHQ E\ WZR W\SHV RI UHTXLUHPHQWV ILUVW WKH
VRIWZDUH HQJLQHHULQJ QHHGV WR GRFXPHQW DQG YHULI\ WKH UHXVDELOLW\ RI RXU VRIWZDUH DQG VHFRQG WKH UHVHDUFK
FKDOOHQJHV RI EXLOGLQJ 1/3 DSSOLFDWLRQV WKDW FDQ EH UDSLGO\ UHWUDLQHG DQG HYDOXDWHG IRU DFFXUDF\ LQ QHZ WH[W
GRPDLQV
,QWKLVSDSHUZHGHVFULEHWKHSKDVHVRIRXUZRUNWUDLQLQJDQGHYDOXDWLQJVWDWLVWLFDO326WDJJHUVRQ$UDELFWH[WV

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DQG WKHLU(QJOLVK WUDQVODWLRQVXVLQJ.HSOHUZRUNIORZV 7KHQH[W VHFWLRQJLYHVDEULHIRYHUYLHZRISDUWRIVSHHFK
WDJJLQJDQGDODQJXDJHUHVRXUFHFDOOHGDWUHHEDQN7KHVHFWLRQWKDWIROORZVGHVFULEHVWKHLVVXHVLQYROYHGLQWUDLQLQJ
DQGHYDOXDWLQJWKH6WDQIRUG326WDJJHURQDQ$UDELF(QJOLVKSDUDOOHOFRUSXV7KHQZHGHWDLOWKHFUHDWLRQRI.HSOHU
YHUVLRQVRIWKHWUDLQLQJDQGWHVWLQJZRUNIORZVWRVXSSRUWH[SHULPHQWDWLRQ)LQDOO\ZHSUHVHQWSUHFLVLRQDQGUHFDOO
UHVXOWVRQXVLQJWKHWUDLQHGWDJJHUZLWKDPRGLILHGWDJVHWWRLGHQWLI\DVSHFLILFSDUWRIVSHHFKZLWKWKHGDWD
3DUWRI6SHHFK7DJJLQJDQG&RUSRUD
$3DUWRI6SHHFK3267DJJHULVDQ1/3VRIWZDUHFRPSRQHQWWKDWUHDGVLQSXWWH[WDQGDVVLJQVSDUWVRIVSHHFK
WRHDFKWRNHQVXFKDVQRXQYHUEDGMHFWLYHSXQFWXDWLRQRURWKHUV\QWDFWLFDOO\PHDQLQJIXOODEHOV*LYHQDQH[DPSOH
LQSXWVHJPHQWVXFKDV

7KLVLVDVDPSOHVHQWHQFH  

2QHSRVVLEOHRXWSXWRIDWDJJHUVKRZQKHUHLQOLQHZRXOGEH

7KLV'7LV9%=D'7VDPSOH11VHQWHQFH11 

7KHWDJVHW LQLVIRU(QJOLVKWH[WDVXVHGE\WKH3HQQ7UHHEDQN>@,QWKLVH[DPSOH³7KLV´LVDGHWHUPLQHU
'7 ³LV´ LV DYHUEUGSHUVRQ VLQJXODU 9%= ³D´ LV DGHWHUPLQHU '7 ³VDPSOH´ LV D VLQJXODUQRXQ 11DQG
³VHQWHQFH´ LV DOVR D VLQJXODU QRXQ 11 )LJXUH  EHORZ LV D SDUVH WUHH IRU D WUDQVOLWHUDWHG $UDELF VHQWHQFH $
VHQWHQFH WKDW LV WDJJHG IRUSDUWVRIVSHHFKKDVEHHQDQQRWDWHGZLWKDSDUWLDORU VKDOORZ V\QWDFWLFDQDO\VLV$ IXOO
V\QWDFWLFDQDO\VLVZRXOGEHDWUHHZLWKLWVIXOO\SDUVHGVWUXFWXUHODEHOHGZLWKFRQVWLWXHQWODEHOVRQLQWHUQDOQRGHVDQG
DVLQJOHURRW,QWKLVILJXUHWKHVHQWHQFHWRNHQVDSSHDUDVWKHUHGZRUGVWKDWDUHOHDIQRGHV7KHQRGHVDUHGLVSOD\HG
LQOHIWWRULJKWRUGHUIRUHDVHRIUHDGLQJLQVWHDGRIWKHRULJLQDO$UDELFULJKWWROHIWWUDQVOLWHUDWLRQ7KH326WDJVIRU
HDFKWRNHQDUHWKHLULPPHGLDWHSDUHQWQRGH)RUH[DPSOHWKHOHIWPRVWWRNHQZKDVWKH326WDJ&21-

2QHRIWKHPRVWZLGHO\XVHGODQJXDJHUHVRXUFHVIRUIXOO\SDUVHGWUHHVWUXFWXUHVLVWKH3HQQ7UHHEDQN>@7KH
RULJLQDO3HQQ7UHHEDQNSURMHFWFXUUHQWO\PDQDJHGE\ WKH/LQJXLVWLF'DWD&RQVRUWLXP/'&DQQRWDWHGDFRUSXV
EXLOWIURPVHYHUDOGRFXPHQWFROOHFWLRQVLQFOXGLQJRYHUDUWLFOHVIURPWKH:DOO6WUHHW-RXUQDO ,QRXUSURMHFW
WKHWUDLQLQJGDWDDQGWHVWGDWDZHUHWDNHQIURPWKH$UDELF(QJOLVK7UHHEDQNSURGXFHGE\WKH/'&7KHRULJLQDOWH[W
ZDV$UDELFQHZVZLUHDQGWKH(QJOLVKWH[WZDVJHQHUDWHGE\SURIHVVLRQDOWUDQVODWRUVKLUHGE\/'&7KH/'&RYHU
WKH\HDUVVLQFHWKHRULJLQDO(QJOLVK3HQQ7UHHEDQNZDVFRQVWUXFWHGKDVEHHQWKHOHDGHULQGHYHORSLQJWUHHEDQNVIRU
RWKHUODQJXDJHVVXFKDV&KLQHVHDQG$UDELFDQGLQWUHHEDQNLQJSDUDOOHO(QJOLVKWUDQVODWLRQV
7UDLQLQJD326WDJJHUWRUHFRJQL]HYHUEVLQ$UDELF7H[W
:HFKRVH WKH6WDQIRUG326WDJJHUGHYHORSHGE\ WKH6WDQIRUG1/3JURXSDV WKHFRUH1/3FRPSRQHQW LQRXU
ZRUNIORZ>@:ULWWHQLQ-DYDWKH6WDQIRUGWDJJHUVRIWZDUHFUHDWHVDVWDWLVWLFDOPRGHOEDVHGRQWKHWDJVRQDWUDLQLQJ
GDWDVHW7KDWLVWKHVRIWZDUHDOORZVXVHUVWRSURYLGHWKHLURZQWDJJHGWUDLQLQJGDWDVHWDQGEXLOGWKHLURZQVWDWLVWLFDO
PRGHOIRUWKDWGDWDVHW

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

)LJ$UDELF3DUVH7UHH
7UDQVOLWHUDWLRQRI$UDELF6FULSWXVLQJWKH%XFNZDOWHUVFKHPD
7KH$UDELFWH[WLQWKH$UDELFWUHHEDQNLVUHSUHVHQWHGLQDWUDQVOLWHUDWHGIRUPZLWKDOODWWDFKHGFOLWLFVH[FHSWDO
VHJPHQWHG XVLQJ D 5RPDQL]HG FKDUDFWHU VHW LQ SODFH RI WKH RULJLQDO $UDELF VFULSW 7KH %XFNZDOWHU $UDELF
WUDQVOLWHUDWLRQ VFKHPD GHYHORSHG E\ 7LP%XFNZDOWHU GXULQJ WKH ¶V LV WKH FKRVHQ VWDQGDUG >@ 6LPSOLI\LQJ
VRPHZKDW WRNHQV LQ $UDELF FRQVLVW RI RQH RU PRUH ZRUGV ³JOXHG´ WRJHWKHU  7KH %XFNZDOWHU WUDQVOLWHUDWLRQ
PDLQWDLQV D RQHWRRQH FRUUHVSRQGHQFH EHWZHHQ 5RPDQ FKDUDFWHUV DQG $UDELF RUWKRJUDSK\ )LJXUH  LV WKH
%XFNZDOWHUVFKHPD
7DEOH3RUWLRQRI%XFNZDOWHU$UDELF7UDQVOLWHUDWLRQ

&ROODSVLQJWKHWDJVHWIRUYHUEV
7KH$UDELF7UHHEDQN$7%ZDVFUHDWHGIURPQHZVZLUHLQ/'&¶V*LJDZRUG$UDELFWH[WFRUSXV>@7RFDSWXUH
WKHPRUSKRORJLFDO GLYHUVLW\ LQ$UDELF WKH WDJVHW LQ WKH$7% FRQVLVWV RI KXQGUHGV RI FRPELQDWLRQV RI WDJVZLWK
PRUSKRORJLFDOLQIRUPDWLRQDWWDFKHGPXFKODUJHUWKDQWKH(QJOLVK3HQQ7UHHEDQN7KHH[DPSOHVHQWHQFHLQ)LJXUH
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LVUHGLVSOD\HGLQ7DEOHEHORZZULWWHQLQ%XFNZDOWHUWUDQVOLWHUDWLRQDVVWRUHGLQWKHDQQRWDWHGIRUPRIWKH$7%

7DEOH$UDELFWRNHQVZLWK(QJOLVKJORVVHVRIH[DPSOHVHQWHQFHZLWK$UDELFDQG(QJOLVK326WDJV
$UDELF3267DJV &21- ,906,9,968))B022', ,968))B'26 '(71281&$6(B'()B120 68%B&21- 3521B06 1281&$6(B,1'()B120 $'-&$6(B,1'()B120 381& 381&
(QJOLVK3267DJV && 9%3 353 11 ,1 353 11 -- 381& 381&
$UDELF7H[W Z \PNQ Q\ $OW!N\G !Q K T$`G TZ\ ?´ 
(QJOLVK*ORVV DQG FDQ LQIOHFWLRQV! WKHFRQILUPDWLRQ WKDW KLV OHDGHU VWURQJ ?´  

$VSDUWRIRXU UHVHDUFKZHZDQWHG WRNQRZZKDWZRXOGKDSSHQ WR WKHDFFXUDF\RI WKH326 WDJJHUDSSOLHG WR
$UDELF WH[WZKHQ WKHULFK$UDELF WDJVRQ WKH WUDLQLQJ WH[WVZHUHFROODSVHGDQGPDSSHG LQWRVLPSOHUVHWV ZLWKRXW
FKDQJLQJ WKH WH[W VXFK DV WKH (QJOLVK WDJ VHW :H DOVR ZDQWHG WR H[SORUH ZKHWKHU ³WUDQVODWLRQ GLYHUJHQFHV´
LUUHJXODUQRQFDQRQLFDOSDWWHUQVZRXOGHPHUJHDXWRPDWLFDOO\ZKHQFRPSDULQJDQGDOLJQLQJWKHWDJVHTXHQFHVRI
SDLUV RI WUDQVODWHG VHQWHQFHV ZKHQ WKH WDJV ZHUH JHQHUDWHG E\ $UDELF DQG (QJOLVK WDJJHUV WKH $UDELF WDJJHUV
WUDLQHGRQWKH$UDELFVLGHRIWKHSDUDOOHOWH[WDQGWKH(QJOLVKWDJJHUVWUDLQHGRQWKH(QJOLVK>@+HUHWZRWH[WVRI
GLIIHUHQWODQJXDJHVDUH³SDUDOOHO´ZKHQRQHWH[WLVWKHKXPDQUHIHUHQFHWUDQVODWLRQRIWKHRWKHU
7DEOHVKRZV WKHH[DPSOH VHQWHQFH IURP)LJXUH7KHILUVW URZVKRZV WKHRULJLQDO$UDELF326WDJVDV WKH\
DSSHDULQWKH$7%DQGWKHSDUVHWUHH7KHVHFRQGURZLVWKHPDSSHGWR(QJOLVKYHUVLRQRIWKHWDJV5RZWKUHHVKRZV
WKH%XFNZDOWHUWUDQVOLWHUDWLRQRI$UDELFWRNHQV7KHILQDOURZLVWKH(QJOLVKJORVVHVRIWKHWRNHQVDOLJQHGYHUWLFDOO\
ZLWKWKHLUUHVSHFWLYHWDJV7KH(QJOLVKJORVVHVIRUWKLVVHQWHQFHLQWKHRULJLQDO$UDELFRUGHUGRQRWFRQYH\WKHIXOO
PHDQLQJRIWKHRULJLQDO$UDELF7KHUHIHUHQFHWUDQVODWLRQIURPWKH(QJOLVKVLGHRIWKHSDUDOOHOWUHHEDQNLV

,WLVSRVVLEOHIRUPHWRFRQILUPWKDWKHLVDVWURQJOHDGHU 
&RQVWUXFWLQJWKHWDJJHUZRUNIORZVWKURXJK.HSOHU
7KH UHVHDUFK TXHVWLRQ WKDW ZH VRXJKW WR DQVZHU LQLWLDOO\ ZDV &DQ D 326 WDJJHU WUDLQHG RQ $UDELF(QJOLVK
SDUDOOHOWH[WEHXVHGWRDXWRPDWLFDOO\LVRODWHDOH[LFDOHOHPHQWYHUEVZLWKHQRXJKDFFXUDF\WRLPSURYHDOLJQPHQW
IRUPDFKLQHWUDQVODWLRQ07",IWKHYHUEVLQWKHWUDLQLQJGDWDIRU07FRXOGEHWLJKWO\FRXSOHGWKHDOLJQPHQWZRXOG
EHJURXQGHG LQ OLQJXLVWLF FRQWH[W LQVWHDGRI WKHXVXDO VHJPHQWOHYHO DOLJQPHQW%\ LGHQWLI\LQJ DQG IROORZLQJ WKH
VWHSVWREXLOGUXQDQGHYDOXDWHD326WDJJHUIRUWKHYHUEWDVNZHZRXOGKDYHWKHEDVLVIRUH[DPLQLQJRWKHUSDUWVRI
VSHHFK
:HSHUIRUPHGWKHILUVWSKDVHRIH[SHULPHQWDWLRQPDQXDOO\DFTXLULQJWKHGDWDVHWVGHWHUPLQLQJWKHSUHSURFHVVLQJ
VWHSVGRZQORDGLQJDQG LQVWDOOLQJ WKH6WDQIRUG326WDJJHUFRGHZULWLQJDGGLWLRQDOVFULSWV WRPDQLSXODWH WKHGDWD
DQGGHWHUPLQLQJDPHWKRGIRUHYDOXDWLQJWKHUHVXOWV
7KH³.HSOHUL]DWLRQ´RIWKHWUDLQLQJDQGWHVWLQJZRUNIORZVLPSDFWHGWKHUHVHDUFKLQIRXUZD\VGRFXPHQWDWLRQ
YHULILFDWLRQYDOLGDWLRQDQGH[SHULPHQWDWLRQ
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

)LJ$UDELF3267DJJHU.HSOHU7UDLQLQJ:RUNIORZ
'RFXPHQWDWLRQ8VLQJWKH6WDQIRUG3267DJJHU
'RFXPHQWLQJWKHZRUNIORZVWKDWZDVLGHQWLILHGE\WKHUHVHDUFKHUZKRZHQWWKURXJKWKHPDQXDOSURFHVVGXULQJ
SKDVH ,ZDV YLWDO IRU OHYHUDJLQJ WKH OHVVRQV OHDUQHGGXULQJ H[SHULPHQWDWLRQ )LJXUHGHSLFWV WKH.HSOHU WUDLQLQJ
ZRUNIORZ IRUEXLOGLQJDQ$UDELF3267DJJHU7KHUHZHUH VHYHQPRGXOHV LQFOXGLQJ WKHFDOO WR WKH-DYD6WDQIRUG
WDJJHUPRGHOLQJFRGHLQYROYHGLQWUDLQLQJWKHWDJJHU7KH³$GG1HZOLQHV´PRGXOHZDVUHVSRQVLEOHIRUFRUUHFWLQJD
OD\RXW LVVXHIRU WKHSDUVH WUHHV LQ WKH$7%ZKLFKZHUH VWRUHG OLQHDUO\ LQ WKHILOHV 6HYHUDORI WKHPRGXOHVZHUH
UHVSRQVLEOH IRU UHSRVLWLRQLQJ WKH LQWHUPHGLDWH ILOHVDV WKH\XQGHUZHQW WUDQVIRUPDWLRQVZLWKLQ WKHZRUNIORZ7KHUH
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ZHUHWZRPRGXOHVLQYROYHGZLWKH[DPLQLQJWKH326WDJVIURPWKHWUDLQLQJGDWDDQGFRQVROLGDWLQJWKHPSULRUWRWKH
JHQHUDWLRQRIWKHWDJJHU
7KHUHZHUHIRXU.HSOHUZRUNIORZVGHVLJQHG WZRIRUWUDLQLQJDQGWZRIRUWHVWLQJ7KHGLIIHUHQFHVEHWZHHQWKH
ZRUNIORZVZHUHEDVHGRQZKHWKHUWKHUHZDVDULFKRUFROODSVHGWDJVHWDQGIRUWKHWHVWPRGXOHVWKHLQFOXVLRQRIDQ
HYDOXDWLRQPRGXOHWKDWFRPSDUHGWKHRXWSXWRIWKHWDJJHUZLWKWKHJURXQGWUXWK
9HULILFDWLRQ
2QFH WKH VHTXHQFH RI WKH VWHSV LQ WKH ZRUNIORZVZHUH FRQYHUWHG LQWR .HSOHU UHSUHVHQWDWLRQ YHULILFDWLRQ ZDV
UHTXLUHG WR VKRZ WKDW WKH FRPSXWDWLRQDO V\VWHP ZRUNHG WKH VDPH ZD\ DV WKH PDQXDO SURFHVV 2QH RI RXU QRQ
SURJUDPPHUOLQJXLVWVLQWKHUROHRIWKHXVHUDWWHPSWHGWRFUHDWH326WDJJHUVZLWKRXWSULRUNQRZOHGJHRIWKHVWHSV
,WZDVDQLWHUDWLYHSURFHVVEHWZHHQWKHXVHUWKHUHVHDUFKHUDQGWKHGHYHORSHUZKRFUHDWHGWKH.HSOHUYHUVLRQVRIWKH
ZRUNIORZVWRGHWHUPLQHWKHJDSVRINQRZOHGJHDQGLPSOLFLWUHTXLUHPHQWVIRUHDFKVWHS
5HVXOWV
9DOLGDWLQJWKHZRUNIORZV
9DOLGDWLRQ ZDV GRQH E\ FRPSDULQJ WKH WDJJHU RXWSXW IURP WKH PDQXDOO\ WUDLQHG ZRUNIORZ DJDLQVW WKH IXOO\
DXWRPDWHG .HSOHU ZRUNIORZV  7KH OLQJXLVW DQG WKH RULJLQDO UHVHDUFKHU ZRUNHG LQGHSHQGHQWO\ WR UXQ WKH VDPH
GDWDVHWVWKURXJKWKHWUDLQLQJDQGWHVWLQJSKDVHVWRDFFRPSOLVKWKLVREMHFWLYH

7DEOH3267DJJHUDFFXUDF\RQDOOWDJW\SHV

7KH ILUVW DQDO\VLV RI WKH H[SHULPHQWDO UHVXOWV LQYROYHG FUHDWLQJ 326 WDJJHUV WUDLQHG RQ ERWK WKH $UDELF DQG
(QJOLVKWUHHEDQNVWRFDOFXODWHWKHDFFXUDF\LQLGHQWLI\LQJDOOWKHW\SHVDYDLODEOHLQHDFKODQJXDJH¶VIXOOWDJVHW7KH
VDPH DPRXQW RI WUDLQLQJ GDWD ZDV SDUWLWLRQHG IURP WKH WUHHEDQN GDWD WR EXLOG WKH WDJJHUPRGHO RXWSXW IURP WKH
6WDQIRUG FRGH 7KHQ D WHVW GDWDVHW ZDV DOVR VHOHFWHG IURP WKH RULJLQDO WUHHEDQN VR WKDW LW GLG QRW RYHUODSZLWK
VHQWHQFHVLQWKHWUDLQLQJVHW7KHWHVWVHWZDVUXQWKURXJKWKHQHZO\FUHDWHGWDJJHU7KH326WDJVFRQWDLQHGLQWKH
WUHHEDQNVIRUWKHWHVWGDWDVHWVZHUHXVHGDVWKHJURXQGWUXWKRUDQVZHUVHWLQWKHHYDOXDWLRQ
7DEOH  VKRZV WKH UHVXOWV RI WKH DOOWDJV HYDOXDWLRQV 7KH (QJOLVK 326 WDJJHU ZDV  DFFXUDWH DFURVV DOO
(QJOLVK 326 WDJ W\SHV ZLWK RQO\  WRNHQV LQFRUUHFWO\ WDJJHG RXW RI D WRWDO RI  WRNHQV  7ZR GLIIHUHQW
$UDELF326WDJJHUVZHUHWUDLQHGRQWKHVDPH%XFNZDOWHUWUDQVOLWHUDWHGPRUSKRORJLFDOO\DQDO\]HG$UDELFWH[WVRQH
ZLWKWKHRULJLQDO$UDELFULFKWDJVHWIURPWKH$7%DQGWKHRWKHUZLWKWKHPDSSHGWR(QJOLVKWDJVHW7KHUHVXOWVRI
WKHVHWZRWDJJHUVDSSHDULQWKHVHFRQGDQGWKLUGURZVRI7DEOHUHVSHFWLYHO\7KHWDJJLQJDFFXUDF\LPSURYHVRQWKH
$UDELFWH[WVZKHQWKHRULJLQDOULFKWDJVDUHPDSSHGWRWKH(QJOLVKWDJVLQFUHDVLQJIURPWR,QLWLDOO\WKH
DXWRPDWHGDQGPDQXDOZRUNIORZVGLGQRW\LHOGWKHVDPHUHVXOWVEHFDXVHWKHHYDOXDWLRQPRGXOHKDGEHHQFKDQJHG
RYHUVHYHUDOLWHUDWLRQVRIGHYHORSLQJWKHYHUEVFRULQJFRPSRQHQW$IWHUDEULHIUHFRQFLOLDWLRQVHVVLRQWKHDXWRPDWHG
DQGPDQXDOUHVXOWVZHUHFURVVYDOLGDWHGHQVXULQJWKDWERWKJHQHUDWHGWKHVDPHFRUUHFWHGDQVZHUV


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7DEOH3267DJJHUDFFXUDF\RQYHUEV

7KHVHFRQGDQDO\VLVRIWKHH[SHULPHQWDOUHVXOWVIRFXVHGRQMXVWWKHYHUEV)RUWKLVDQDO\VLVDOOVL[(QJOLVKYHUE
WDJVZHUHFROODSVHGWRRQHYHUEWDJLQERWKWKHWDJJHUV\VWHPRXWSXWDQGWKHJURXQGWUXWK,Q7DEOHWKHQXPEHURI
SRVVLEOH YHUEV LQ WKH(QJOLVK WHVW VHWZDV   7KH(QJOLVK 326 WDJJHUZDV DEOH WR GHWHFW WKH YHUEVZLWK 
SUHFLVLRQDQGUHFDOO$OO$UDELFYHUEWDJVZHUHDOVRFROODSVHGWRRQHYHUEWDJ
)RUWKHDQDO\VLVRIWKH$UDELFWDJJHUWUDLQHGRQWKHULFKWDJVHWDQGWKH$UDELFWDJJHUWUDLQHGRQWKH(QJOLVKWDJ
VHWDOOYHUEWDJVJHQHUDWHGE\ERWKV\VWHPVZHUHDOVRFROODSVHGWRRQHYHUEWDJDQGWKHQVFRUHGIRUDFFXUDF\DJDLQVW
WKHJURXQGWUXWKWH[WZKHUHWKHVDPHFROODSVLQJWRRQHYHUEWDJZDVSHUIRUPHG7KHHYDOXDWLRQRIWKHWZR$UDELF
WDJJHUV \LHOGHG WKH VFRUHV LQ WKH VHFRQG DQG WKLUG URZV RI 7DEOH   7KHUH ZDV RQO\ D VOLJKW LPSURYHPHQW LQ
SUHFLVLRQDQGLQUHFDOOZKHQFRPSDULQJWKHYHUEDFFXUDF\RIWKH$UDELFWDJJHUWUDLQHGRQWKHULFKWDJVWRWKHWDJJHU
WUDLQHGRQWKH(QJOLVKWDJVHW
)XWXUH:RUN
7KHQH[WVWHSLVH[SHULPHQWDWLRQZLWKWKHWDJJHUVJHQHUDWHGE\WKHZRUNIORZVWRJDXJHWKHLUDELOLW\WRLGHQWLI\
YHUEVLQWH[WVIURPDQRWKHUGRPDLQRXWVLGHRIWKHWUDLQLQJGRPDLQ,IWKHDFFXUDF\RQRXWRIGRPDLQGDWDVHWUHPDLQV
LQWKHKLJK¶VWKHQDXWRPDWLFDOO\DQGUHOLDEO\DQQRWDWLQJODUJHFROOHFWLRQVRISDUDOOHOWUDLQLQJGDWDZLWKOLQJXLVWLF
LQIRUPDWLRQEHFRPHVIHDVLEOH:HZLOOEHDEOHWRWHVWWKHH[WHQWWRZKLFKDOLJQLQJWKHVHOLQJXLVWLFHOHPHQWVGXULQJ
VWDWLVWLFDO07EXLOGVFDQLPSURYHWUDQVODWLRQDFFXUDF\
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